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I m'RCDUCTION 
It is generally recogni~ed that one of the most 
important factors limiting crop production is soil nitrogen. 
Farmers today are using more nitrogen fertili~ers than ever 
before. All indications show that this usage will probably 
continue to increase. With the expanded use of nitrogen 
it has become desirable to increase the efficiency from 
nitrogen fertiliEers. One factor which will affect the 
efficiency is the position of the nitrogen in the soil in 
relation to the plant roots. 
Nitrate-nitrogen is the form most commonly taken up 
by plants. These salts are soluble and will move with the 
water in the soil profile. This characteristic has led 
many to believe the nitrate salts could easily be leached 
from the root Eone. 
When planting sugar beets in saline soils, farmers 
have been advised to place the seed be low the furrow ridge 
near the furrow bottom. This placed the be ets away from 
the high concentration of salt In the furrow ridge. 
Evaporation rates from western soils are high because 
of high temperatures and low humidity. Forces developed by 
this evaporation tended to pull the water toward the soil 
surface. Any soluble salt present ln the soil solution 
would also be moved toward the surface and as evaporation 
occurred become concentrated there. It seemed log ical to 
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expect that soluble nitrogen fertilizers would move to the 
surface of soil beds and thus be unavailable to the plant 
roots unless the soil in the beds remained moist at the 
surface. 
These relationships stimulated a desire to study some 
of the variables which might a ffect the movement of the 
nitrate ln the soil. 
This study was concerned with the effect of the method 
of applying water and fertilizer on the distribution of 
nitrate-nitrogen in the soil profile. 
REVIEW OF LITERATURE 
Russell (1950) working at the Rothamsted Experiment 
Statton in England found that nitrogen was lost from the 
soil ln the for m of nitrates in the soil solution. This 
loss was sufficient to account for the total loss of 
nitrogen from bare fallow soils. In soils kept free from 
vegetation since 1870, one-third of the ori ginal nitrogen 
content had been lost by 1915. The amount of nitrogen 
found as nitrate in the drainage water was approximately 
equal to the loss of the nitro gen fro m the soil. 
3 
Jones (1942) ln work done in Alabama concluded the 
loss of nitrogen by leaching was closely r e lated to the 
texture of the soil. As the clay content increased the 
amount of nitrogen lost decreased. Only negligible amounts 
of added nitrogen was leached from Decatur clay loam when 
the soil was cropped, but when the soil was left fallow 
there was an increase in the amount of nitrogen leached. 
It was reported by Rohweder and Pesek (1958) that 
the movement of applied nitrate was measured in the field 
as a function of precipitation during a November to May 
period. Two moisture levels wer e used. Water was added 
to the below normal precipitation to bring the low moisture 
level to 50 percent of normal and the high moisture level 
to 84 percent of normal. There was no loss of nitrate 
in the Carrington loam and the Muscatine sllt loam. In 
4 
the low moisture level the downward movement was 9.6 and 
14.4 inches respectively while the movement in the high 
moisture levels was 15.2 and 19.0 inches respectively. The 
loss of nitrate-nitrogen from Thurman sand, Lakeville loamy 
sand and the Webster silty clay loam was such that the 
mean nitrate movement could not be determined. 
Tyler et al. (1958) in a laboratory study in California 
--
reported that the effect of irrigation was to move the 
nitrate down concentrating it in a narrow zone 4 to 8 inches 
deep. He also reported that nitrates added three days prior 
to Irrigation were also found at the lower layers. The 
one irrigation moved the nitrate downward in the soil. 
He concluded that unless it would be intercepted by the 
plant, subsequent irrigations would move the nutrient down 
and out of the root Eone. 
It was shown by Karraker and Bortner (1937) that there 
was very little leaching of nitrate in the field from 
lyslmeters during the summer months. Apparently summer 
rains moved very little nitrate below 12 inches in the 
soil. The summer rains averaged about 29 inches. It 
was found that during the winter especially after December 
nearly all the nitrates were leached below 30 inches. The 
average rainfall in the winter was 15 inches. Under 
fallow conditions there was considerable leaching. Under 
alfalfa, grass, clovers, etc. there was little or no leachin~ 
Work done at Beltsville by Batjer and Magness (1938) 
pointed ottt the nitrate movement in the soil was very 
similar in two different orchards. They reported 8 
inches of rain fell during a 30 day period after an 
October application of nitrogen fertilizer. This was 
sufficient to carry most of the nitrate from the top 
foot of the soil where the root concentration was the 
highest into the second foot of the soil profile. 
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They also showed little nitrate from spring or summer 
applications was found below the first foot although the 
rainfall averaged 3 inches per month during the summer. 
Removal of water by evaporation and transpiration was 
apparently sufficient to equal the rainfall and prevent 
downward movement of nitrate. 
King (1903) at Wisconsin conducted some experiments 
dealing with the movement of nitrates during the winter 
months. He analyzed the soil for nitrate as soon as the 
frost had left the ground and compared lt with the data 
obtained from the soil from the same field analyzed in 
November of the preceding year. It was found that during 
the winter there was a gain of 14.4 pounds of nitrate-
nitrogen per acre in the top 4 feet of the soil. He 
mentioned that there were two sources for this increase. 
These were nitrification in the soil and capillary movement 
of water upward bringing with it the nitrate from below 
the 4 foot level. 
He concluded capillary movement was the most important 
of the two. It was stated considerable internal evaporation 
of soil moisture occurred in frozen soil. The moisture 
would condense and freeze or escape into the atmosphere. 
This would bring the nitrate from deeper in the profile 
toward the surface. 
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Krantz et at. (1943) reported that nitrate moved 
upward in the soil to accumulate at the surface. This was 
due to the net upward movement of soil moisture. However, 
any moderate rainfall moved the nitrate back Into the root 
zone where the nitrate was again available to the plant. 
They indicated that nitrogen which had accumulated on 
the surface as a result of drought was moved back Into the 
root zone by a good rain. This helped to explain erratic 
responses which have been obtained from nitrogen top 
dressing of corn in different seasons. They also suggested 
that the luxurant plant responses to a good summer shower 
after a long drought period may be accredited to the effect 
of nitrate moved down into the root zone as well as the 
moisture. 
Malpeux and Lepart (1915) found that calcium and 
sodium nitrates diffused quite slowly In boxes of sand and 
loam soil. The lateral movement was about the same as 
the vertical movement. Sprinkling accelerated downward 
movement as well as lateral diffusion but there was 
comparatively rapid capillary return of nitrate to the top 
inch of the soil. When nitrates were placed at the depth 
of 10 inches they appeared ln the surface 3 Inches within 
11 days. Nitrates placed In the soil at a depth of 
20 inches appeared in the surface 3 inches in a months 
t ! me . 
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Nelson (1 953) working in Washington described some 
experiments with methods of application of nitrat e fe rtil-
izer. He reported the nitrate-nitrogen was mos t concentrated 
adjacent and above the band . The lateral movement d id not 
exceed 6 inches. There was a decr ease with depth in the 
concentration of nitrate-nitroge n although accumulation 
of this ion occurred just over a grave l laye r at about 24 
inches . 
He also indicated app lied nitrate broadcast tended 
to concentra t e between the furrows directly under t he corn 
plants so that it was as positionally available as the 
band placement. With the band application the nitrate 
was c oncentrated above the band ne ar t he surface. A 
moderat e concentration of nitrat e r eached the 19 inch 
depth. There was some nitrate-nitr ogen extending fr om 
the 10 t o the 22 inch depth. The nitrate was more 
extensively distributed with the broadcast method. High 
concentrations we r e found between the furr ows near the 
surface and extended downward 13 inches. 
Harding (1 934) reported l eaching s tudies that indicated 
when wat e r was appli ed t o ar eas with salt concentrati ons, 
the initial outflow was not as c oncentrated with salts as 
it was at a later ti me . The data indicated considerable 
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amount of water must pass through the soil before any 
apparent reduction in the salinity of the soil was obtained. 
He also reported that ln California orchards there 
were concentrations of soluble salts on the surface of the 
soil as high as 3 ton per acre. This represented about 
Boo pounds of nitrogen per acre. 
Matthews {1942) in experiments conducted at the 
Georgia Experiment Station concluded the following Ideas. 
The prolonged dry weather which completely dried the upper 
few inches of the soil caused most of the soil nitrates 
to come to or near the surface of the soil. The nitrates 
in the surface soil during dry weather were not available 
to crops and could be lost by sudden hard rains causing 
runoff. Neither ordinary showers nor heavy rains caused 
any appreciable leaching of nitrate from the surface to the 
lower depth. Even then rains would not cause much nitrate 
to be lost unless continued for a long period of time. In 
dry weather nearly all of the nitrates were in the top 
foot of the soil regardless of the source of nitrogen used. 
The experiment was conducted at the Greenville Farm 
~t North Logan, Utah. The soil Is a Millville loam with 
a surface pH of 7.8. 
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The land lay fallow in 1957 and was plowed in the fall. 
In the spring of 1958 it was harrowed and floated. Phos-
phorus was applied at the rate of 100 pounds of PzD5 per 
acre. This was done in order to eliminate phosphorus as a 
variable in the experiment. In the past there has been no 
response to the application of potassium fertilizers on 
this site . For this reason no potash was applied. 
The experiment was a split plot design with water being 
applied by both sprinkle and furrow methods. The nitrogen 
fertilizer was applied broadcast and banded. The method 
of application of water constituted the main plot with 
fertilizer treatment as the subplot . The subplots were 
replicated three times. 
Plot size was 60 by 150 feet . A 5-foot alley was left 
as border between each irrigation plot. Subplots were 30 
by SO feet. 
Each subplot was divided into eight randomized sampling 
areas 12 by 15 feet. During the season samples were 
collected from the sampling areas ln a random order. 
The water was transported to the experimental plots 
from the irrigation canal in 5-inch galvanlted pipe. 
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The sprinkle system used was 3-inch perforated pipe. Four 
inch gat~d pipe was used to deliver the water to the furrow 
plots. 
Periodically throughout the season irrigation water 
was applied to the plots as needed. Table 1 contains a 
list of irrigation dates with the approximate amount of 
water applied by each method during the growing season. 
The nitrogen fertiliEer was appli~d at the rate of 
150 pounds of available nitrogen per acre In the form of 
ammonium nitrate. The broadcast treatments were made on 
May 15 with a 3-foot Gandy spr eader. 
was made on May 16 with a belt drill. 
The banded application 
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The field was planted to corn May 16 in 36 inch rows. 
The variety used was Pfister 62. Plant population was 
approximately 24 ,000 plants per acre. During the season 
the corn was furrowed once and weeded twice. The corn was 
harvested on September 16. 
Samplins procedure 
Soil samples were taken periodically at six dates 
throughout the summer with a 3-inch bucket auger. The 
depth increments sampled were 0 to 2, 2 to 6, 6 to 12, 
12 to 24, 24 to 36, and 36 to 60 Inches. 
Sample sites were located in the middle of the row, 
edge of the row and bottom of the furrow. 
Table 2 lists the dates when samples wer e taken. 
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TABLE 1. IRRIGATION SCHEDULE 
Furrow Sprinkle 
Number of Number of 
Date Hours Date Hours 
June 3 7 June 3 3 
June 18 5 June 18 h July 1 6 July 1 July 10 5 July 10 
July 17 6 July 17 2 
July 24 7 July 24 2t 
August 6 6 August 1 2 
August 16 5 Augu!lt 1 1 2 
August 29 6 August 16 2 
August 29 2 
August 30 1 
Total >3 m 
Inches applied 40 27 
Available moisture per foot: 1. 75 inches 
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TABLE 2. SAMPLING DATES 
Sample Date 
1 June 21 
2 July 14 
3 July 28 
4 August 11 
5 August 21 
6 Sept. 8 
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Samples were drawn from the appropriate depth of 
each of three holes. Composite samples were then made. 
The samples were placed in a bottle and 3 milliliters 
of reagent grade toluene were added to retard microbial 
activity. 
Samples were taken to the laboratory where they were 
removed from the bottles and allowed to air dry for 24 
hours. Samples were returned to the bottles and placed 
in forced air ovens for another 24 hours at a temperature 
from 50 to 55 degrees centigrade. This reduced the moisture 
content of the soil to approximately 1 percent. The soil 
was then analyEed for nitrate nitrogen. 
The analytical procedure used is listed by Jackson 
(1958) in Soil Chemical Analysis. The procedure was 
modified in that 2 milliliters or phenodisulphonlc acid 
were used Instead of 3 and carbon was not required to clear 
up the filtrate. 
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RESULTS 
A summary of the weather data from the experimental 
farm is shown in table ). The summer of 1958 had higher 
average temperatures and 1.49 inches less precipitation 
than the average of the previous 8 years. The evaporation 
Information recorded in table 3 is rrom a United States 
Weather Bureau evaporation pan located near the experiment. 
Table 4 contains the mean data from a pilot sampling 
taken June 10. The depths ana1Y%ed were from 0 to 12, 
12 to 24, and 24 to )6 Inches. The data showed relatively 
high concentrations of nitrate-nitrogen In the top 12 
inches. This was especially true in the sprinkle plots. 
The surface concentration in the furrow plots was somewhat 
less. The lower zones showed a decrease in the concentra-
tion with the 24 to )6 inch depth showing mor e nitrate 
present than the 12 to 24 Inch depth. 
A statistical analysis of all the data collected from 
the six samplings Is presented in table 5. The statistical 
significance or the main effects and the interactions 
will be discussed in the appropriate sections of the 
results~ 
The mean values of the data obtained from the analysis 
of the soil are listed in tables 6, 7, 8, and 9. There 
are some instances where the mean value Is high due to one 
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TABLE 3. PRECI PlTATION, AVERAGE TEMPERATl.FE AND EVAPOOATION 
DATA EACH MCNTH DURING THE GRONING SEASON 
Month 
May 
June 
July 
August 
Sept. 1-10 
Total 
May 
June 
July 
August 
Sept. 1-10 
Total 
Precipitation Deviation from Avg. Temp. 
1958 Average 
0.65 -1.34 
0.41 -0.92 
0.55 -0.12 
0.69 -0.11 
0.06 
2.36 -1.49 
Deviation from 
Avg. Temperature 
5.2 
2.1 
-1.5 
2.1 
1958 
60.2 
65.2 
69.) 
72.1 
67.5 
Evaporation from 
Standard Pan 
7.22 
7.74 
8.63 
7.90 
2.22 
34.58 
16 
TABLE 4. MEAN NITRATE NITROOEN VALUES I N PARTS PER MI LLION 
FOR SOIL SAMPLES TAKEN JUNE 10 
Depth 
0-12 
12-24 
24-36 
Depth 
0-12 
12-24 
24-36 
Furrow Irrigated 
Banded 
16 
21 
30 
Sprinkle Irrigated 
Banded 
316 
43 
44 
Broadcast 
55 
28 
63 
Broadcast 
101 
24 
37 
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TABLE 5. ANALYSIS OF VARIANCE 
Source df Sum of Mean 
Sguare s Sguares 
Rep11cat1on 2 542 •271 
Irrigation 1 72-,890 72,890 
Error (a} 2 1,893 946 
Fert lllzer 1 10,023 10;023 
Fe x Irr 1 3,657 3;657 
Error (b) 4 12,657 3,164 
Location 2 189,797 99,899** 
Lo x Irr 2 65,45~ 32,727** Lo x Fe 2 55,36 27,683** 
to X Fe X lrr 2 1),396 6,698* 
Error (c) 16 2a· 165 1,444 Depth 5 82 ,658 164,932** 
De x lrr 5 751,948 150,390** 
De x Fe 5 78,316 15,665*-* 
De x lrr x Fe 5 21 '942 4,388** 
De x Lo 10 490;555 4 910 56-l'--* 
De X Lo X Irr 10 360' 186 36,019** 
De x Lo x Fe 10 117,143 11 '714-lH~ 
De X Lo X Fe X lrr 10 92,~1 9,244~· 
Error (d) 120 131' 31 1,099 
Date 5 32, 119 6,438** 
Da x lrr 5 251 115 5,023* 
Da x Fe 5 10' 101 2,020 
Da X Fe X Irr s ~,312 862 Da X Lo 10 5 ,679 5,868** 
Da x Lo x Irr 10 42;208 4,221** 
Da x Lo X Fe 10 22,476 2,248 
Da X Lo X Fe X lrr 10 21,646 2,165 
Da X De 25 98,735 3,949~ 
Da x De x lrr 25 148,837 5,953** 
Da X De X Fe 25 12a ,053 4,922-n-* 
Da x De X Fe X Irr 25 1 ;685 747 
Da x De X Lo 50 155,246 3, 105** 
Da X De x lrr so 173,962 ~,479** Da x De x Lo x Fe 50 237,989 ,760** 
Error 0 0 199 1 71 
'"' 
gn can at 
** 
Slgnlflcant at 
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TABLE 6. MEAN NITRATE N!TROOEN VALUES IN PARTS PER MILLION 
FROM PLafS FURRO.V IRRIGATED WITH FERTILI ZER BANDED 
Sample Site - Bottom of the Fur roY 
§l!lmllng ~~t.J a 
DaEth 6L2t 1LtY: 1L2a 8Ltt 8L2t 9L8 
0-2 71 15 8 8 9 s 
2-6 7 3 5 6 7 19 6-12 l 6 ~ 5 7 6 12-24 9 15 11 32 
2t36 35 2.3 27 15 21 26 J 60 2!J: 21 11 2,2 19 20 
Sample Slte - Edge of the Row 
Sampl tn~ Dates 
DeEth 6L21 1/..lY: 7/28 8/..11 8/..21 9/..8 
0-2 35 408 114 132 2.35 195 
2-6 187 11 5 16 19 14 
6-12 18 s 11 11 9 ~~ 12·2t 24 8 6 6 10 
2t3 17 26 25 22 20 23 
.l 60 21 2~ 21 28 20 20 
Sample Site - Mlddle of the R~w 
Sa!!Ellns Dates 
neet.h 6L2t 7/..lbt 1/..28 8/..11 8/..21 2/..8 
0-2 39 125 146 ~~~ 181 220 2-6 9 18 41 47 21 
6-12 8 8 16 5 12 17 
12-24 16 9 19 10 11 17 
2t36 ~1 25 21 13 22 16 J 60 J1 28 22 12 22 19 
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TABLE 7. MEAN NITRATE NITROOEN VALUES IN PARTS PER MILLION 
FROM PLarS FURROW IRRIGATED WITH FERTILIZER BROAD-
CAST 
Sample Site - Bottom of the Furrow 
SamEl ing Dates 
DeEth 6f.21 1L.1~ 1f.28 8/11 8f.21 9L8 
0-2 30 7 6 7 6 6 
2-6 8 g 5 4 6 8 6-12 4 8 7 6 5 
12-24 5 7 7 11 17 24 
24-36 27 19 26 21 20 23 
J6-60 2Z ~0 19 2J 20 18 
Sample 51 ta - Edge of the Row 
Sam211ng Dates 
DeEth 6L2t 1Lt~ Zf.28 8Lu 8f.21 9f.8 
0-2 408 2.39 160 102 r~ 109 2-6 15 ~ 11 37 25 6-12 1~ 17 7 8 22 12-2i 5 8 9 11 ~~ 24-3 18 12 25 13 21 J6-60 22 21 26 19 18 
Sample Site - Middle of the Row 
Sampling Dates 
DeEth 6/12 1f.l!t 1/.28 8f.t1 BL2t 9LB 
0-2 180 400 370 316 563 2~ 2-6 10 14 37 53 60 
6-12 12 17 15 16 25 23 
12-2~ 10 1 1 16 22 14 21 
2t3 21 11 20 28 20 25 J 60 28 26 21 11 18 17 
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TABLE 8. MEAN NITRATE NITROGEN VALUES IN PARTS PER MILL ION 
FROM PLOTS SPRINKLER IRRIGATED WITH FERTILIZER 
BANDED 
Sample Site - Bottom of the Furrow 
SamE tins Datss 
DeEth 6/_21 7Lt!t 1/..28 8/_11 8/21 9/_8 
0-2 51 10 2 5 10 5 
2-6 26 ~~ 4 5 9 7 6-12 16 9 18 - 19 15 12-24 16 7 22 23 9 
2t36 ~i 17 24 22 18 29 J 60 J9 19 19 J1 16 
Sample Site - Edge of the Row 
SamEling Dates 
DeEth 6/_21 z/..t!t z/_28 8/11 8/_21 9/..8 
0-2 79 32 5 20 9 6 
2-6 157 53 18 15 10 18 
6-12 45 104 68 89 10 67 
12-2t 15 10 13 20 10 16 
2t.3 29 .31 26 32 28 34 J 60 2!! 20 22 19 2~ 2!! 
Sample Site - Middle of the Row 
Sampling Dates 
De,eth 6/21 z/..t!± 1/..28 8/11 8/_21 9/_8 
0-2 41 16 8 10 12 10 
2-6 16 11 5 24 11 10 
6-12 17 19 21 29 50 i~ 12-2~ 16 12 6 8 19 
2t3 28 26 19 22 27 31 J 60 JO 21 22 21 2,2 2~ 
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TABLE 9. MEAN NITRATE NITROGEN VALUES IN PARTS PER MILLION 
FRCfA PLarS SPRINKLER IRRIGATED WITH FERTILIZER 
BROP.DCAST 
Sample Site - Bottom of the Furrow 
Sa!!!Ellng Dates 
DeEth 6/_21 1Lt~ 1/.28 8/11 8/_21 9/_8 
o-2 20 3 9 ~ 7 7 2-6 8 5 6 16 6 
6-12 11 4 10 7 55 11 
12-2~ 15 9 1 9 9 34 ~3 26 26 19 18 18 33 J 6o JO 16 2J lJ 20 20 
Sample Slte - Edge of the Row 
SemEllng Dates 
DeEth 6/_21 1Lt!t 1L28 8/_11 8/_21 9[8 
0-2 234 23 47 4 8 7 
2-6 71 15 27 1 7 9 
6-12 17 32 77 38 33 37 
12·2i 15 8 13 13 17 17 
2i:3 26 19 28 32 27 39 J 60 28 22 22 21 1~ 28 
Sample Site - Middle of the Row 
Sam,21 tng Dates 
DeEth 6L2t zLt~ 1./.28 BLtt 8/_21 9/..8 
0-2 246 9 11 8 10 9 
2-6 73 56 27 15 8 22 
6-12 18 51 20 45 27 56 
12-2i 16 12 11 14 21 22 2~-3 19 36 27 33 34 41 J -60 JO J6 22 20 JJ 25 
of the samples being considerably higher than the other 
two replicates. The complete data for all individual 
plots from each sampling are listed In the appendix. 
Furrow irrigation 
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The mean values for banded fertilizer with furrow 
irrigation are listed in table 6. 
Figure 1 lists the nitrate levels in and below the 
bottom or the furrow. At the first sampling date the sur-
face 2 inches had considerably more nitrate present than at 
any time during the summer. The 2 to 6 inch depth increases 
slightly in the amount of nitrate present during the six 
sampling dates. The concentration of nitrate remains 
fairly constant throughout the summer in the third depth 
increment. 
The amount of nitrate-nitrogen at the site on the 
edge of the row is indicated in figure 2. At the first 
sampling date ths concentration of nitrate is in the 2 to 
6 inch depth. This was where the band was placed. When 
the first sample was collected the fertilizer apparently 
had not moved to the surface 2 inches. By July 14, the 
nitrate had moved to the surface and remained there through-
out the summer. The lower depths showed only minor 
variations during the six sample dates. 
The nitrate levels in the middle of the row are 
presented in figure ). The first sampling shows the nitrate 
concentration in the surface 2 inches relatively low. 
SAMPLE DEPTH 
l. 0" - 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" 
- 24" 
s. 24" - 36" 
6. 36" - 60" 
SAMPLING DEPTH 
6 A 
FIGURE 1 . SAMPLED-BarTOM OF FURRON 
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SAKPLB DAT& 
A. June 21 
B. July 14 
c. July 28 
D. Aua. 11 
E. Aua. 21 
'· 
Sept. 8 
3 Clll • so ppm 
Nitroaen 
SAMPLING DATE 
FURROW IRRIGATED FERTILIZER BANDED 
1 
I 
I 
\ 
\ 
\ I 
\ \ 
SAMPLING DEPTH 
6 A 
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SAMPLE DEPTH SAMPLE DATE 
1. 0" 
2. 2" 
3. 6" 
4. 12" 
5. 24" 
6. 36" 
- 2" A. June 21 
- 6" B. July 14 
- 12" c. July 28 
- 24" D. Aug . 11 
- 36" E. Aug. 21 
- 60" F. Sept. 8 
3 em • 50 ppm 
Nitrogen 
SAMPLI NG DATE 
FIGtRE 2. SAMPLED- EDGE OF ROW 
FURROW IRR IGATED FERTILI ZER BANDED 
SAMPLE DEPTH 
l. 0" • 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" - 24" 
5. 24" - 36" 
6. 36" - 60'1 
3 
SAMPLI NG DE PTH 5 
6 A 
F IGURE 3 • S.AMPL~D-MIDDLE OF ROW 
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SAMPLE DATE 
A. 
B. 
c. 
D. 
E. 
F. 
June 21 
July 14 
July 28 
Aug. 11 
Aug. 21 
Sept. 8 
3 em • 50 ppm 
Nitrogen 
SAMPL I NG DATE 
Ft.RROW IRR ! GATED FE~TILI ZER BANDED 
The amount of nitrate in the surface 2 inches continues 
to increase with each sample date. There was a smaller 
accumulation of nitrate toward the latter part of the 
season in the 2 to 6 inch zone. It, however, was not 
present in that depth when the sixth sample was taken. 
Below the 6 inch depth the nitrate content was low and 
remained constant. 
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Table 7 lists the mean nitrate values for the broad-
cast treatment under furrow irrigation. 
The nitrate levels given In figure 4 indicate very 
little nitrate movement throughout the season. 
Figure 5 Illustrates the nitrate concentration on 
the edge of the row. The major concentrations remained 
on the soil surface but decreased in amount with later 
sampling dates. In the 2 to 6 inch depth there was a 
s light increase in nitrate concentration as the season 
progressed. Below the 6 inch tone the nitrate level 
remained reasonably constant. 
The nitrate levels in the middle of the row Is 
presented in figure 6. The nitrate concentrations were 
high in the surface 2 inches. The first sampling date 
showed a lower amount of nitrate than at any time during 
the season. As the summer progressed the nitrate con-
centration in the 0 to 2 and 2 to 6 inch depths increased. 
Below this depth there was little change in the nitrate 
concentration. 
SAMPLE DEPTH 
1. 0" - 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" - 24" 
5. 24" - 36" 
6. 36" - 60" 
4 
SAMPLING DEPTH 
6 A 
FIGURE 4. SAMPLED-BOTTOM OF FURROW 
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SAMPLE DATE 
A. June 21 
B. July 14 
c. July 28 
D. Aug. ll 
E. Aua. 21 
F. Sept. 8 
3 ca : 50 ppm 
Nit rosen 
B 
SAMPLING DATE 
fURROW IRRIGATED FERTILIZER BROADCAST 
SAMPLE DIPTH 
1. 0'' - 2'' 
2. 2" - 6" 
3. 6" - 12" 
4. 12" - 24" 
s. 24" - 36" 
6. 36" • 60" 
\ 
\ 
I 
\ 
\ 
\ 
2 
SAMPLING DEPTii 
6 A 
F IGlRE S. SAMPLED-EDGE OF ROW 
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SAMPLI DATI 
A. June 21 
B. July 14 
c. July 28 
D. Aug . 11 
E. Aq. 21 
F. Sept. 8 
3 ca : SO pr-
Nitroaen 
D 
SAM PLED DATE 
FURROW IRRIGATED FERTILIZER BROADCAST 
563 
L 
/ 
1 
SAMPLING DEPTH 
6 A. 
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SAMPLI DIPTH SAMPLE DArE 
1. 
2. 
3. 
4. 
5. 
6. 
0" - 2" A. June 21 
2" - 6" B. July 14 
6" - 12" c. July 28 
12" - 24" D. A.q. ll 
24" 
36" 
- 36" I. Aug. 21 
- 60" F. Sept. 8 
3 Clll : 50 ppm 
N1trosen 
p 
SAMPLING DATE 
FIGURE 6. SAMPLED-MIDDLE OF ROW 
FURROW IRRIGATED FERTILIZER BROADCAST 
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Sprinkle irrigation 
The mean nitrate values for the banded fertilizer 
treatment under sprinkler irrigation are listed in table 8. 
Figure 7 indicates the nitrate level from samples 
taken from the site located at the bottom of the furrow. 
The nitrate concentration at the first sampling was highest 
in the surface 2 inches. The nitrate concentration 
apparently moved after the first sample date. The lower 
zones showed only minor changes in the nitrate concentration. 
The nitrate concentrations at the edge of the row are 
indicated in figure 8. The main concentration is ln the 
top 6 inches of the soil. As the summer progressed 
the nitrate was moved out of the soil surface Into the 
2 to 6 inch zone. By August 11, the nitrate had been 
moved Into the 6 to 12 inch zone. Below this depth the 
movement of nitrate was small. 
The nitrate concentrations ln the middle of the row 
are presented in figure 9. The amount of nitrate present 
at the beginning of the season was relatively low. 
Throughout the soil profile the nitrate was present in 
small quantities. There was a rise in concentration In 
the 6 to 12 inch level at the August 21 sample date. 
This concentration disappeared on the next date. There 
was very little movement of the nitrate at the depths 
lower than 12 inches. 
SAMPLE DBPTH 
1. 0" - 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" - 24" 
s. 24" - 36" 
6. 36" - 60" 
4 
SAMPLING DEPTii 
6A 
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SAMPLE DATE 
A. Jtme 21 
B. July 14 
c. July 28 
D. Aug. 11 
I. Aua· 21 
r. Sept . 8 
3 CID • 50 ppa 
Ritrosen 
SAMPLING DATE 
FIGLRE 7. SAMPLED-BOITOM CF FlRRON 
SPRINKLER IRR IGATED FERTILIZER BANDED 
SAMPLE DEPTII 
1. ou 
-
2" 
2. 2" - 6" 
3. 6" 
-
12" 
4. 12'' - 24" 
5. 2411 - 36" 
6. 3611 - 6011 
\ 
1 
2 
3 
SAMPLING DEPTH 
6 A 
FIGURE 8 . SAMPLFD- EDGF: Of '""OW 
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SAMPLE DATE 
A. 
B. 
c. 
D. 
E. 
F. 
June 21 
July 14 
July 28 
Aug. 11 
Aug. 21 
Sept. 8 
3 em : 50 ppm 
Nitrogen 
SM.1PL ING DATT:: 
SPR INKLER IR1 I GATED FEqTI LI ZER BANDED 
SAHPLI DEPTH 
l. 0" 
- 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" • 24" 
s. 24" - 36" 
6. 36" - 60" 
SAMPLING DEPTH 
6 A 
FlGl.RE 9. SAMPLED-MIDDLE OF RO\V 
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SAMPLE DATI 
A. June 21 
B. July 14 
c. July 28 
D. Aua· ll 
E. Aua. 21 
P. Sept. 8 
3 aD : 50 ppm 
Nitrogen 
SAMPLING DATE 
SPRINKLER IRRIGATED FERTILIZER BANDED 
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• Table 9 lists the mean nitrate values for the broad-
cast fertili~er treatment under sprinkler irrigation. 
The nitrate level in and below the bottom of the 
furrow Is listed in figure 10. The nitrate concentrations 
were low throughout the soil profile. A high concentration 
of nitrate in the 6 to 12 inch sampling ~one appeared 
on the August 21 sample date. The final sample date 
showed a high concentration in the lower depths. This 
high sample mean probably resulted from a high reading 
in one of the replications. 
Figure 11 presents the concentration of nitrate in 
the edge of the row. The concentration In the 0 or 2 
inch depth was high at the beginning of the season. The 
nitrate was removed from the surface by the July 14 sample 
date. The nitrate was moved into the 2 to 6 Inch ~one and 
was gradually moved into the 6 to 12 inch depth. The major 
concentration of nitrate at the end of the summer was in 
the 6 to 12 inch ~one. Below this the relative movement 
and concentration of the nitrate was near the same. 
In the middle of the row the major concentration of 
the nitrate was in the surface 2 inches at the beginning 
of the sampling periods. This is indicated in figure 12. 
The nitrate was rapidly moved into the deeper ~one. By 
the second sample date, July 14, the nitrate had moved 
into the 6 to 12 Inch zone. There were fluctuations in 
the amount of nitrate present, however, the higher 
concentrations were found in the 6 to 12 inch depth. 
SAMPLE DEPTH 
l. 0" 
- 2" 
2. 2" - 6" 
3. 6" 
- 12" 
4. 12" - 24" 
5. 24" - 36" 
6. 36" - 6011 
SAMPLING DEPfH 
6 A 
FIGURE 10 . SAMPLED- BarTOM OF FURROW 
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SAMPLE DATE 
A. 
B. 
c .. 
D. 
E. 
F. 
June 21 
July 14 
July 28 
Aug. 11 
Aug. 21 
Sept. 8 
3 ClD : 50 ppm 
Nitrogen 
SAMPL ING DATE 
SPR INKLER IRR IGATED FERT ILI ZER BROADCAST 
SAKPL! DIPTB 
1. 0" - 2" 
2. 2" - 6" 
3. 6" - 12" 
4. 12" - 24" 
s. 24" - 3611 
6 . 36" - 60" 
1 
SAMPLING DEPTH 
6 A 
FIGURE 11. .SAMPLED-EDGE OF ROW 
SAMPLB DATI 
A. 
B. 
c. 
D. 
B. 
r. 
Jwae 21 
July 14 
July 28 
Au&· ll 
Aq. 21 
Sept. 8 
3 Clll • 50 ppm 
Nitrosen 
SAMPLING DATE 
SPRINKLER IRRIGATED FERTILIZER BROADCAST 
1 
SAMPLE DEPTH 
\ 
\ 
\ 
2 
1. 
2. 
3. 
4. 
5. 
6. 
3 
SAMPLI NG DEPTH 
0" - 2" 
2" - 6" 
6" 
-
12" 
12" - 24" 
24" - 36" 
36" - 60" 
6 A 
flGt.RE 12 . SAMPLED- ~.~ IDDLE Of ROW 
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SAMPLE DAtE 
A. 
B. 
c. 
D. 
E. 
F. 
June 21 
July 14 
July 28 
Aug. ll 
AU£. 21 
Sept. 8 
3 Clll = 50 ppm 
Nitrogen 
F 
E 
SAMPLING DATE 
SPRINKLER I~R lGATED fERTILIZER BROADCAST 
Table 10 indicates the nitrate distribution in 
samples collected September 22. The samples were taken 
in various areas in the sprinkle plots. The 36 to 60 
inch depth was broken into the 36 to 48 and 48 to 60 
inch increments. The mean results show a higher concen-
tration of nitrate in the 36 to 48 inch than In the 48 
to 6o inch depth. 
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TABLE 10. MEAN NIT11ATE NITROGEN VALUES IN PARTS PER MILLION 
OF SAMPLES TAKEN SEPTEMBER 22 
Depth ppm 
0-6 15 
6-12 15 
12-24 28 
24-36 19 
36-L.8 33 
48-60 14 
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DISCUSSI ON 
The movement of nitrate-nitroge n under furrow irrigation 
was in general toward the soil surface. The data indicated 
that nitrate accumulated in the surface 2 inches. This 
was especially true in the banded plots. This vertical 
movement appeared to be quite rapid. The fertilizer in the 
bands moved from the 2 to 6 inch depth t o the 0 to 2 inch 
depth in a period of 3 weeks. This rapid moveme nt concurs 
with the work done by Malpe ux and Lepart (191 5). The 
nitrate tended to remain at the so il surface unde r the 
broadcast tr e atment. This agr eed with the work done by 
Krantz, e t. al. (1943) and Matth ews (1 942) . 
Lateral movement of nitrat e-nitrogen was also evident. 
This mov ement was much slower than verti cal moveme nt. This 
is in disagreement with Mal peux and Lepart ( 1915) who 
stated the vertical movement was the same as the lat eral 
movement. There was a steady increase in the amount of 
nitrate in the middle of the r ow. The inc r ease occurred 
over the entire sampling period. On the edge of the row 
ther e was a decrease in nitrate comparing the initial and 
final amo unts, also ind !ciatlng lateral movement . 
Under sprinkle irri gation nitrate-nitr ~ge n was mov ed 
into the soil profile. The main concentrations of nitrate 
by September 8, were in the 6 t o 12 inch depth. The move-
ment from the surface 2 inches was rap id. With the br oad-
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cast treatment the movement into the 6 to 12 inch depth had 
started within a 3 week period beginning with the June 21 
sample date. 
The nitrate-nitrogen did not appear to move into the 
soil at depths below 12 inches. 
With sprinkle irrigation the lateral movement was very 
slow. Significant concentrations did not appear until 
August 21. The lateral movement was much less under sprinkle 
than furrow irrigation. This was probably due to the water 
movement being greater in the vertical rather than the 
lateral direction. 
It would appear that below 12 inches with both furrow 
and sprinkle irrigation, the nitrate level was fairly 
constant. At times the concentratJons appeared to be high. 
This was caused by one sample reading higher than the other 
two replicates. For all practical purposes the movement 
of nitrate at depths below 24 inches was not significant. 
It would seem that extensive investigation of lower depths 
in studying nitrate movement would not be necessary. 
It was shown in table 10 that there was less nitrate 
in the 48 to 60 inch zone than the 36 to 48 inch zone. 
This would tend to show that during the summer there was 
no evidence of leaching of nitrate from the soil. 
Data from lysimeter experiments ( Karraker and Bortner, 
1937; Tyler, 1958) had indicated there may be possible 
loss of nitrates due to leaching. Such lysimeter experi-
ments are usually conducted by flooding the entire soil 
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surface. In the field under furrow irrigation the major 
part of the soil would have little or no direct contact 
with the water being applied. There appeared to be little 
danger of leaching under this situation. The danger of 
nitrate loss to the plant is associated with nitrate moving 
to the soil surface where it is often unavailable in a dry 
soil. There may be the danger of some loss due to water 
and wind erosion. 
Sprinkler irrigation may have an advantage over furrow 
irrigation. It may result not only ln a more even water 
distribution but it will help keep the nitrate-nitrogen ln 
the root zone where it is available to the plant. 
The position of nitrate in the soil is very important. 
It was noted at the beginning of the experiment that even 
after a heavy application of ammonium nitrate there were 
nitrogen deficiency symptoms appearing in the young corn 
plants. In a period of 2 or 3 weeks these deficiencies 
had disappeared. This was due to nitrate moving to the 
root zone, the plant roots growing to the fertilizer, or 
both. 
It would appear all crops sensitive to concentrations 
of nitrate would be affected by the accumulation of 
nitrates on the soil surface. This removal of nitrate 
from the root zone could materially reduce crop yields. 
It would, therefore, be important to keep nitrates in the 
root zone. 
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Samples taken at lower depths were sometimes contam-
inated by surface soil. The auger used was ope n at the 
top and when pulled to the surface would scr ape the soil 
from the sides of the hole. The deeper the hole the greater 
the danger of contamination. This may be one reason for 
erratic and high results of lower depths. 
In order to predict nitrate movement, further experi-
ments would have to be carried out on different types of 
soil. Other variables which may be studied to give more 
lnformatl~n of the movement of nitrate-nitrogen include 
temperature, pr ecipitation , water table, soil texture, 
structure, aeration, moisture content and cation exchange 
capacity. 
This experiment was designed to study the effect of 
the method of irrigation and fertilizer application on the 
movement of nitrate-nitrogen in the soil. The experiment 
was conducted at the Greenville Farm in North Logan, Utah 
during the summer of 1958. 
The two methods of irrigation used were ~prinkle and 
furrow. Ammonium nitrate was applied banded and broadcast 
at the rate of 150 pounds of nitrogen per acre. Corn was 
grown as a crop in this study. 
Soil samples were taken periodically at six dates and 
six depths throughout the season. 
The analysis showed the nitrate in the furrow irrigated 
plots was moved to or remaine~ in the surface 2 inches with 
both banded and broadcast applications. The nitrate under 
sprinkler irrigation was moved into the 6 to 12 inch depth. 
There was no evidence to indicate any movement below 
the 24 inch depth under sprinkler or furrow irrigation. 
This would indicate that in medium textured soils the 
amount of nitrates leached from the soil would be very 
small using these two methods of irrigation. 
The vertical movement of nitrates was very rapid with 
the lateral movement being more retarded. The nitrate 
movement under furrow irrigation from the edge of the row 
to the middle of the row was continuous throughout the 
summer. Under sprinkler irrigation the lateral movement 
could be detected only slightly. 
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The results of this study suggest that the losses of 
nitrates through leaching under furrow and sprinkle 
irrigation have probably been exaggerated in the past. 
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TABLE 11. NITRATE NITROGEN VALUES I N PAqTS PER MILLION FROM 
PLarS FURRO.V IRR !GATED WITH F'ERT ILI ZER BAI"{)ED 
Sample Site - Bottom of the furrow 
Samp 1 ed June 21 
DeEth ReE 1 ReE 2 ReE 2 Ave. 
0-2 113 55 46 71 
2-6 4 5 1 1 7 
6-12 5 14 2 7 
12-24 5 5 7 6 
2t36 23 36 46 35 3 60 23 29 20 24 
SamEled July 14 
DeEth ~eE 1 ReE 2 ReE 2 Ave. 
0-2 4 29 12 15 
2-6 2 2 6 3 
6-12 2 6 10 6 
12-24 8 10 10 9 
24-36 15 32 22 23 
J6-60 20 22 22 21 
Sampled July 28 
Depth ReE 1 ReE 2 ReE ~ Ave. 
0-2 4 3 16 8 
2-6 4 4 6 5 6-12 6 3 1 1 7 
12-24 4 5 16 8 
24-j6 12 14 56 27 
~lt-6o 16 2 11 1 1 
so 
TABLE 11. CONTINUED. 
Sam,e1ed August 1 1 
DeEth ReQ 1 Re,e 2 Re,e ) Ave. 
0-2 6 15' 4 8 
2-6 6 8 4 6 
6-12 4 4 6 5' 
12-24 6 19 20 15' 
2t36 1 1 21 12 15' ~ 60 22 28 22 22 
Sampled August 21 
DeEth ReE 1 ~eE 2 Re,e 2 Ave. 
0-2 6 12 10 9 
2-6 4 12 4 7 
6-12 4 7 10 7 
12-24 12 10 10 1 1 
24-36 26 29 8 21 
36-60 20 17 20 19 
Sam21ed Se,etember 8 
DeEth ReE 1 ReE 2 Re,e J Ave. -
0-2 6 4 4 5' 
2-6 so 4 3 19 
6-12 8 6 5' 6 
12-2~ 19 22 55 32 
2t3 ~~ 27 26 26 3 60 22 19 20 
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TABLE 12. NITRATE NI TROOE N VALUES IN PA'iTS PE'i MILLION fROM 
PLOTS F'URRON I RR !GATED WITH FERTIL IZER BAJI.DED 
Sample Site - Edge of Row 
Sa~ led June 21 
De;eth Re2 1 Re2 2 ReE J Ave. 
0-2 10 50 46 1~~ 2-6 78 14 462 
6-12 15 12 26 18 
12-24 22 20 30 24 
24-36 23 2 25 17 
J6-6o 100 22 ~9 5.1 
Sam2led July 111 
I 
Depth_ Re2 1 Re2 2 li e,e J Ave. 
0-2 115 430 680 408 
2-6 4 18 10 11 
6-12 3 8 5 5 
1 2- 2~ 5 10 8 8 
24-3 13 40 25 26 
J6-60 25 18 21 2J 
Sam;eled July 28 
De;eth Re;e 1 ReE 2 Re :e J Av e . 
0-2 143 144 56 114 
2-6 6 4 6 5 
6-12 4 3 25 11 
12-24 6 5 6 6 
24-36 7 28 40 25 
J6-60 22 29 11 21 
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TABLE 12. CONTINUED. 
Sam2led Ausust 11 
Deeth ReE 1 Re2 2 Ree .J Ave. 
0-2 56 228 112 132 
2-6 10 28 8 16 
6-12 8 21 5 11 
12-2~ 6 6 6 6 
2i:3 20 13 34 22 J 60 .J2 2!± 2~ 28 
Sampled Ausust 21 
De2th Re2 1 Re£ 2 Re2 2 Ave. 
0-2 )20 244 142 235 
2-6 20 14 2i 19 6-12 8 12 9 
12-24 15 9 6 10 
2t)6 26 22 12 20 
.J 60 10 21 22 20 
Sameled Se2tember 8 
De,eth Re,e 1 Re2 2 ReE .J Ave. 
0-2 178 194 213 195 
2-6 20 12 11 14 
6-12 16 20 14 :~ 12-2~ 31 12 10 
2t3 23 16 )0 23 3 60 18 20 22 20 
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TABLE 1). NITRATE NITROGEN VALUES IN PARTS PER MILLION FROM 
PLOTS FURRON IRR !GATED WITH FERTILIZER BANDED 
Sample Site - Middle of the Row 
Samp 1 ed June 21 
De:eth ReE 1 Re:e 2 Re,E J Av~. 
0-2 28 14 75 39 
2-6 10 5 1 1 9 
6-12 11 6 6 8 
12-2t 19 20 10 16 
24-3 2 24 )8 21 
J6-6o 214, ~2 2.6 J.7 
Sampled July 14 
De:eth Re.:e 1 Rep 2 Re:e J Ave. 
0-2 140 109 125 125 
2-6 14 15 26 18 
6-12 9 8 8 8 
12-24 10 10 6 9 
24-36 20 36 20 25 
.Jl!-6o 22 22 25 28 
Sampled Ju1~ 28 
De:eth Re:e 1 ReJ2 2 ReJ2 ~ Ave. 
0-2 210 140 88 146 
2-6 44 13 6 41 
6-12 1~ 11 6 10 12-24 33 15 19 
24-36 36 10 45 27 
~6-60 18 2J 26 22 
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TABLE 13. CONTINUED. 
Sampled Ausust 11 
De.eth Re.e 1 ReE 2 Re,e J Ave. 
0-2 210 202 112 175 
2-6 36 25 10 24 
6-12 10 2 4 5 
12-24 8 10 12 10 
24-36 7 10 23 13 
36-6o 25 20 1J 19 
Sampled August 21 
Depth Re.e 1 Rep 2 Rep ~ Ave. 
0-2 137 202 205 181 
2-6 16 65 59 47 
6-12 4 18 15 12 
12-2i 10 11 12 11 
24-3 32 21 12 22 
~6-6o 1!± 28 2~ 22 
Sa~led September 8 
Depth Rep 1 Rep 2 Re,e ~ Ave. 
0-2 230 190 241 220 
2-6 22 22 19 21 
6-12 14 20 16 17 
12-24 29 35 26 20 
24-36 14 10 24 16 
)6-60 22 20 14 19 
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TABLE 14. NITRATE NITROGEN VALUES IN PARTS PE~ MILLION FRaY. 
PLOTS ~URROW IRRIGATED WITH FEPTILI ZER BROADCAST 
Sample Site - Bottom of the Furrow 
Sampled June 21 
De2th ReE 1 ~ ee 2 ~ee .J Ave. 
0-2 16 40 33 30 
2-6 15 5 4 8 
6-12 2 8 2 4 
12-24 6 2 6 5 
24-36 24 23 34 27 
36-60 29 J~ 20 27 
Sa!!!Eled Ju1>: 14 
De_Eth ~eE 1 ReE 2 ReE ~ Ave. 
0-2 6 5 10 7 
2-6 4 3 2 3 
6-12 16 1 2 6 
12-2~ 2~ 2 15 7 2t3 12 16 19 J 60 !±O 26 2.2, JO 
Sameled Jull 28 
Depth ReE 1 ReE 2 Re,E J Ave. 
-
0- 2 4 6 8 6 
2-6 5 7 4 5 
6-12 ll.t 5 4 8 
12-24 5 13 l.t 7 
24-36 27 37 15 26 
36-60 18 18 22 19 
-
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TABLE 14. CONTINUED. 
SamE1ed August 11 
Deeth Ree 1 Ree 2 Re2 ~ Ave. 
0-2 6 5 10 7 
2-6 4 4 3 4 
6-12 11 5 6 7 
12-24 8 15 10 11 
24-36 28 14 20 21 
J6-6o JO 20 20 2J 
Sam21ed August 21 
DeE_th ReE 1 Ree 2 Re2 J Ave. 
0-2 6 5 6 6 
2-6 8 4 5 6 
6-12 4 6 9 6 
12-24 5 16 31 17 
2~-36 15 30 14 20 
3-60 28 21 10 20 
Sam21ed SeEtember 8 
DeEth Ree 1 Ree 2 Ree ~ Ave. 
0-2 6 5 8 6 
2-6 8 8 7 8 
6-12 5 5 4 5 
12-2~ 42 7 24 24 
24-3 26 20 22 23 
36-6o 10 25 19 18 
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TABLE 15. NITRATE NITROGEN VALUES IN PARTS PEq MILLION F~OM 
PLOTS FURROW IRR IGATED WITH FERTILIZER BROADCAST 
Sample Site - Edge of the Row 
SamEled June 21 
DeEth ReE 1 RaE 2 Re2 3 Ave . 
0-2 283 650 290 408 
2-6 15 22 9 15 
6-12 17 13 8 13 
12-24 11 6 8 8 
24-36 18 10 25 18 
J6-6o 20 22 2!± 22 
SamE1ed Ju1~ 1~ 
DeEth Re£ 1 ReE 2 ReE ~ Ave. 
0- 2 150 320 248 239 
2-6 4 2 4 3 
6-12 5 6 2 4 
12-24 2 6 6 5 
24-36 24 8 h 12 )6-60 31 28 2~ 21 
SamEled Ju1:i: 28 
DeEth 'ReE 1 ReE 2 ReE J Ave . 
0-2 232 115 132 160 
2-6 8 17 8 11 
6-12 4 43 5 lA 12-2~ 10 10 5 
24-3 19 40 16 25 
J6-60 18 35 29 26 
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TABLE 15. CONTINUED. 
SamEled August 11 
DeEth ReE 1 Pee 2 ReE ~ Ave. 
0-2 140 61 106 102 
2-6 120 5 4 37 
6-12 9 9 2 7 
12-2~ 11 6 9 9 
2t3 15 12 13 13 J 60 19 2z 12 19 
Same1ed Ausust 21 
DeEth Re,e 1 ReE 2 ReE J Ave. 
0-2 60 70 100 77 
2-6 13 8 34 18 
6-12 4 1 1 10 8 
12-24 13 10 1 1 11 
24-36 10 16 36 2 1 
]6-60 20 19 12 18 
Same led SeEtember 8 
DeEth ReE 1 ReE 2 ReE ~ Ave . 
0-2 140 131 55 109 
2-6 ~~ 38 13 25 6-12 19 19 22 
12-2~ 14 10 ~~ 13 24-3 35 19 24 )6-60 12 15 20 16 
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TABLE 16. NJTqATE NITROOEN VALUES IN PARTS PER MILLION f'q~ 
PLOTS FURROW IRRIGATED WITH FERTILIZER BROADCAST 
Sample Site - W. lddle of the Row 
SamEled June 21 
DeEth ReE 1 'qeE 2 ReE ,2 Ave. 
0-2 200 189 151 180 
2-6 11 9 10 10 
6-12 9 10 17 12 
12-2~ 11 9 10 10 
24-3 30 20 13 21 
J6-60 26 ~0 28 28 
Sampled July 14 
DeEth Rep 1 Rep 2 Rep J Ave. 
0-2 550 400 250 400 
2-6 19 17 6 14 
6-12 26 14 10 17 
12-24 10 19 4 1 1 
24-36 12 10 10 1 1 
36-60 34 28 16 26 
• 
SamE1ed Jul;y: 28 
Depth 'qep 1 Rep 2 ReE 3 Ave. 
0-2 285 420 405 370 
2-6 31 51 29 37 
6-12 12 24 8 15 
12-24 26 13 9 16 
24-36 29 29 12 20 
26-6o 20 19 2!± 21 
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TABLE 16. CONT INUED. 
Sam21ed August 11 
DeEth Re2 1 Re2 2 Re2 ~ Ave. 
0-2 277 360 310 316 
2-6 10 71 70 53 
6-12 6 25 16 16 
12-24 14 19 32 22 
2i-36 31 28 25 28 J -60 20 1!t 16 11 
Sa!!£1ed August 21 
De_Eth Re2 1 Re E 2 ReE J Ave. 
0-2 925 555 210 563 
2-6 79 69 31 60 
6-12 20 14 40 25 
12-2t 15 9 18 14 
24-3 12 20 28 20 
J6-60 22 12 16 18 
Sampled Se2tember 8 
DeEth ReE 1 Re2 2 ReE J Ave. 
0-2 100 312 290 2~ 2-6 ~t 56 36 6-12 10 12 23 
12-~ 23 12 18 21 
24-3 35 19 22 25 
36-60 16 19 15 17 
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TABLE 17· NITRATE NITROOEN VALUES I N PARTS PEI:l MILLION FROM 
PLOTS SPRINKLER IRRIGATED WITH FERTILIZER BANDED 
Sample Site - Bottom of the Furrow 
Sam.eled June 21 
De,Eth ReE 1 ReE 2 ReE J AvfJ. 
0-2 32 68 54 51 
2-6 21 42 14 26 
6-12 18 16 13 16 
12-24 13 28 6 16 
24-36 32 44 27 34 
36-60 29 22 26 26 
Sampled July 1~ 
Deeth Re2 1 ReE 2 Re.e J Ave. 
0-2 8 13 10 10 
2-6 5 42 29 25 
6-12 8 45 18 24 
12-2~ 6 5 13 8 
24-3 16 24 10 17 
36-60 26 71 19 J9 
Sam,eled Ju1~ 28 
De,Eth ReE 1 ReE 2 ReE J Ave. 
0-2 2 2 2 2 
2-6 6 2 4 4 6-12 16 7 5 9 
12-24 8 7 7 7 
2t36 22 20 29 24 ~ 60 20 20 18 19 
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TABLE 17. CONTINUED. 
Salll£ led Ausust 11 
De,eth ReE 1 ReE 2 ReE J Ave. 
0-2 4 4 6 5 
2-6 6 6 4 5 
6-12 30 6 17 18 
12-2~ 7 30 30 22 
24-3 22 4 40 22 
.J6-60 16 22 17 19 
Sampled Ausust 21 
De,eth ReE 1 ReE 2 Re,e 3 Ave. 
-
0-2 6 8 15 10 
2-6 10 10 6 9 
6-12 18 27 1 1 19 
12-24 18 10 l.t2 2) 
2~-36 18 18 18 18 
J-60 22 20 20 ~1 
SamE led SeEtember 8 
DeEth ReE 1 ReE 2 ReE ~ Ave. 
0-2 4 6 4 5 
2-6 6 4 12 7 
6-12 24 10 12 15 
12-2~ 10 8 10 9 
24-3 18 24 46 29 
36-60 1J 14 22 16 
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TABLE 18 . NITRATE NITROGEN VALUES IN PARTS PER MILL ION ftiOtv" 
PLOTS SPRINKLER IRR IGATED WITH FERTILIZER BANDED 
Sample Site - Edge of the Row 
Sampled June 21 
Depth Rep 1 Re,P 2 Pep ~ Ave. 
0-2 Bo 82 74 79 
2-6 16.5 100 206 157 
6-12 .58 44 )2 45 
12-24 12 24 10 15 
24-36 20 5h 14 29 
J6-60 20 29 2!± 2~ 
Sa~led July 1 
Depth Rep 1 Rep 2 Rep ~ Ave. 
0-2 67 17 1) )2 
2-6 68 62 30 53 
6-12 60 226 26 104 
1 2-2~ 8 18 h 10 
24-3 25 63 4 )1 
J6-60 21 28 12 20 
Sampled July 28 
Depth Rep 1 Rep 2 Re,P 3 Ave. 
0- 2 2 5 8 5 
2-6 12 1) 30 18 
6-12 75 66 62 68 
12-24 9 14 15 1) 
24-36 14 )0 33 26 
J6-60 25 22 20 22 
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TABLE 18. CONTINUED. 
SamE1ed Ausust 11 
DeEth ReE 1 R~ 2 ReE 1 Ave. 
0-2 4 6 49 20 
2-6 30 6 10 15 
6-12 164 40 63 89 
12-2~ 13 16 31 20 
2t3 30 27 38 32 3 6o 22 20 16 19 
SamE 1 ed Au,gust 21 
DeEth ReE 1 ReE 2 ReE 2 Ave. 
0-2 t 6 8 9 2-6 7 18 10 
6-12 8 14 8 10 
12-2~ 8 12 11 10 
24-3 19 34 30 28 
36-60 22 30 22 25 
Sampled SeEtember 8 
DeEth ReE 1 ReE 2 ReE ~ Ave. 
0-2 6 6 6 6 
2-6 40 6 8 18 
6-12 129 18 54 67 
12-24 12 15 20 16 
24-36 34 35 34 34 
36-60 32 24 16 24 
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TABLE 19o r: ITJ:tATE NITtt<XiEN VALUES IN PARTS Prn MI LL ION fRO"' 
PLOTS SPR I NKLER IRRIGATED WITH fERTILI ZER BANDED 
Samp l e Site - ll.~ i dd 1e of t he Row 
Samp led June 21 
DeEth Re.e 1 Re ,e 2 ~ ~ Ave . 
0- 2 38 48 36 41 
2- 6 16 17 14 16 
6-12 16 20 14 17 
1 2-2~ 16 22 9 16 
2t3 17 48 20 28 3 60 34 30 21 JO 
SamE l.ed July 1lt 
De,Eth "Re E 1 Re,e 2 ReE J Ave. 
0-2 6 33 10 16 
2- 6 12 10 10 11 
6-1 2 18 19 20 19 
12- 24 8 ~~ 13 12 24-36 29 20 26 
36-60 26 26 28 27 
Sampl ed July 28 
De,eth ReE 1 Re E 2 Re.e .J Ave . 
0- 2 4 10 10 8 
2-6 4 4 8 5 
6-12 28 10 26 2 1 
12- 24 4 2~ 9 6 24-36 6 22 19 
~6-60 18 2J 21:~; 22 
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TABLE 19. CONTINUED. 
SamE1ed Au~u!lt 11 
De.eth ReE 1 ReE 2 ReE ~ Ave. 
0-2 4 6 19 10 
2-6 20 24 27 24 
6-12 27 7 53 29 
12-2~ 7 6 10 8 
24-3 20 18 27 22 
J6-60 16 26 20 21 
Sampled August 21 
DeEth Rep_! ~2 "ReE J Ave. 
0-2 19 9 8 12 
2-6 11 10 12 11 
6-12 52 50 49 50 
12-2~ 22 14 20 19 
24-3 36 17 27 27 
~6-60 2.2 26 2~ ~ 
Sam21ed SeEtember 8 
Depth Rep 1 ReE 2 ReE J Ave. 
0-2 10 8 12 10 
2-6 11 10 10 10 
6-12 10 17 43 24 
12-24 18 12 24 18 
24-36 31 24 27 31 
36-60 32 22 20 25 
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TABLE 20. NIT~ATE NITROGEN VALUES IN PARTS PER MILLION 
FROf...1 PLOTS SPRINKLER IRRIGATED WITH FERTILIZER 
BROADCAST 
Sample Site - Bottom of the Furrow 
Sampled June 21 
De2th ReE 1 ReE, 2 ReE J Ave. 
0- 2 14 25 20 20 
2-6 6 10 8 8 
6-12 9 10 13 1 1 
12-24 20 11 14 15 
24-36 28 29 22 26 )6-60 JO 28 J 2 JO 
SamE1ed Jull 14 
DeEth ReE 1 ReE 2 ReE J Ave. 
0-2 2 2 4 3 
2-6 4 8 4 5 
6-12 4 4 5 4 
12-24 5 12 10 9 
24-36 17 26 34 26 
26-60 14 1~ 19 16 
SamE1ed Jul~ 28 
DeEth ReE 1 Re E 2 ReE ~ Ave. 
0-2 4 4 20 9 
2-6 3 10 6 6 
6-12 6 12 1~ 10 12-24 8 6 7 
24-36 25 20 1 1 19 
26-60 24 2J 22 2J 
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TABLE 20. CONTINUED. 
Sam2led Ausust 1 1 
De,Eth ReE 1 ReE 2 'f:leE ~ Ave. 
0-2 5 4 3 ~ 2-6 5 4 15 
6-12 10 4 8 7 
12-2~ 10 14 4 9 
24-3 16 30 10 18 
J6-60 12 12 1~ lJ 
Sampled August 21 
Depth Rep 1 Rep 2 Rep 2 Ave. 
0-2 4 8 10 7 
2-6 17 20 11 16 
6-12 49 65 50 55 
12-24 40 30 16 29 
2~-36 6 25 f~ 18 ~-60 16 27 20 
Sam,E led Se2tember 8 
Depth Rep 1 Rep 2 Rep 2 Ave. 
0-2 ~ 10 6 7 2-6 s 6 6 
6-12 13 10 10 11 
12-2~ 35 14 54 34 
24-3 10 35 54 33 
J6-6o 19 20 20 20 
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TABLE 21 o NITRATE NI TliOJEN VALUES I N PNn S PEt~ ~}! LL ION 
f'"Ra,1 PLOTS SPq i NKLER l 'R'R IGATED WITH FEttTI LIZEq 
BROADCAST 
Sample Site - Edge of the Row 
Sampled June 21 
De.Qth ReE 1 ReE 2 Re p ~ ~ 
0-2 31 2 180 211 234 
2- 6 92 52 68 71 
6-12 20 14 18 17 
12- 24 14 14 18 15 
24-36 16 34 28 26 
36-60 30 31 2h 28 
t 
Samp l ed July 14 
Depth 'R ep 1 Rep 2 nep J Av e . 
0- 2 6 42 22 23 
2-6 13 13 20 15 
6-12 34 34 28 32 
1 2-2~ 4 15 6 8 
24-3 24 ll~ 18 19 
36-60 27 1 1 26 22 
Sampl ed July 28 
DeEth Re p 1 0!£ 2 Rep 3 Ave . 
0- 2 37 51 54 h7 
2-6 20 22 40 27 
6-12 55 54 122 77 
12- 24 12 6 22 13 
24-36 36 26 23 28 
36-60 15 26 24 22 
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TABLE 21. CONTINUED. 
Sampled August 1 1 
DeEth Pee 1 ReE 2 PeE ,2 Ave. 
0-2 4 4 4 4 
2-6 10 6 6 7 
6-12 47 .36 31 38 
12-24 10 16 ~~ 1.3 24-.36 .39 l ~O .32 
~6-60 12 12 26 21 
SamE1ed August 21 
DeEth PeE 1 Pee 2 nee ~ Ave . 
0-2 5 10 10 8 
2-6 6 8 6 7 
6-12 14 65 20 33 
12-24 17 16 18 17 
24-36 30 22 28 27 
26-60 16 16 10 1~ 
SamE 1 ed Se12tember 8 
Deeth PeE 1 Pe2 2 PeE ~ Ave. 
0-2 10 u 6 7 
2-6 10 7 10 9 
6-12 19 28 65 37 
12-24 10 12 .32 17 
24-.36 )6 26 su. .39 
~6-60 1~ 26 ~2 28 
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TABLE 22. NITqATE NITrtCXiEN VALUES IN PARTS PErt MILL ION 
FROM PLOTS SPRI NKLEJ:t IqRIGATED WITH FERTILI ZEJ:t 
BROADCAST 
Sample Site - W. ldd1e of the Row 
Sa!!!,E 1 ed June 21 
De:eth Re:e 1 Re:e 2 qeE ~ Ave. 
0-2 280 212 247 246 
2-6 94 54 71 73 
6-12 16 16 21 18 
12-24 15 16 16 16 
24-36 16 18 2~ 19 
.J6-6o 22 31 ~ ~0 
Sam:e 1 ed Ju1;l 1!± 
DeEth qe:e 1 f{ eE 2 ReE 3 Ave. 
0- 2 6 12 9 9 
2-6 13 63 9 1 56 
6-12 34 58 60 51 
12-24 5 9 22 12 
24-36 25 so 34 36 
.J6-6o 27 52 28 26 
Sam2led July 28 
De,eth Re.e 1 ReE 2 Re:e 3 Ave. 
0-2 6 18 9 11 
2-6 12 13 57 27 
6-12 15 30 15 20 
12-24 12 10 10 11 
24-36 40 10 32 27 
36-60 20 2!± 22 22 
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TABLE 22. CONTINUED. 
Sampled August 11 
Depth Rep 1 Rep 2 Rep J Ave. 
0-2 6 ~ 15 8 2-6 10 28 15 
6-12 44 28 63 45 
12-24 10 18 15 14 
24-36 31 36 31 33 
~6-60 22 10 28 20 
Sa!!!P 1 ed Ausust 21 
Depth 'Rep 1 Rep 2 Rep J Ave. 
0-2 6 12 12 10 
2-6 6 12 6 8 
6-12 36 40 6 27 
12-24 16 18 29 21 
24-36 50 36 18 35 
~6-60 26 25 ~8 
Sampled September 8 
Depth 0 ep 1 0 ep 2 Rep 3 Ave. 
0-2 7 10 10 9 
2-6 30 12 24 22 
6-12 103 5h 10 56 
12-24 18 13 68 22 
24-36 20 38 64 41 
36-60 15 24 36 2$ 
